Abstract. In paracoccidioidomycosis (PCM), the primary lung infection remains silent. In this study, attempts were done to define the primary target organ by correlating lung radiographic abnormalities with the time course of mucosal/ skin lesions concurrently exhibited at diagnosis by 63 patients in whom microscopy and/or isolation of Paracoccidioides brasiliensis from respiratory secretions had been positive. Mucosal and skin lesions were found in 65.1% and 12.7% of the patients, respectively. Odynophagia and dysphagia were present in 38.1% each. All patients had lung interstitial infiltrates, and 31.7% had also alveolar lesions; fibrosis was recorded in 46% of them. An inverse correlation was shown for fibrosis and presence of either odynophagia or dysphagia. Cluster analyzes strongly supported two sets of patients: those with mucosal damage, odynophagia/dysphagia, and alveolo-interstitial infiltrates and those with dermal lesions, dyspnea, and lung fibrosis. These groups may represent novel stages in the natural course of PCM.
INTRODUCTION
Paracoccidioidomycosis (PCM) is a systemic endemic mycosis restricted to tropical and subtropical areas of Latin America; its etiologic agent is the thermally dimorphic fungus Paracoccidioides brasiliensis. Brazil accounts for the largest number of cases, followed at a good distance by Colombia, Venezuela, and Ecuador; the mycosis has also been reported, albeit with lesser frequency, in the remaining South and Central American countries with the exception of Chile. PCM is diagnosed only rarely in the Caribbean Islands. The disorder afflicts mainly adult men working in agriculture. [1] [2] [3] [4] [5] [6] Several different clinical forms are recognized: the regressive sub-clinical infection, the progressive disease that may be either chronic (adult type) or acute/sub-acute (juvenile type), and the residual form. 2, 3, 5, 7, 8 Radiographic pulmonary abnormalities are found at diagnosis in > 85% of active cases, but neither the patient's symptoms nor the lung auscultation findings show their presence and some go unnoticed. 7, [9] [10] [11] [12] [13] [14] Often the external lesions (mucosae, skin, lymph nodes) are the ones that prompt the patient to seek medical consultation, and it is later that lung damage is discovered. 2, 7, 12, 15, 16 Pulmonary lesions consist of bilateral alveolar and interstitial infiltrates that progress to fibrosis, bringing forth incapacitating sequelae. 3, 7, 9, 13, [16] [17] [18] [19] Even at diagnosis it is common to find advanced lung lesions indicative of a disorder that has progressed over time. [18] [19] [20] Modern image procedures such as computed tomography (CT), magnetic, and gallium scans have confirmed the predominance of lung lesions (95%) over those abnormalities present in other organs/systems and, furthermore, all autopsy cases have showed the fungus in their lungs. 2, 9, 13, 18 Despite the fact that P. brasiliensis' natural habitat has not been precisely determined, it is accepted that the infection is acquired through inhalation of the fungus' spores (conidia), disregarding older and conflicting theories on the portal of entry (traumatic implantation, transmission by a vector, or through an animal reservoir). [21] [22] [23] Gonzalez Ochoa and Domínguez Soto, 12 in 1957, stressed the airborne route by reporting several patients with PCM in whom lung abnormalities had occurred previously to development of mucosal and/ or skin lesions. Additionally, Lacaz 24 detected delayed hypersensitivity to paracoccidioidin in healthy Brazilian subjects and found that a number of them also had lung x-rays abnormalities and circulating anti-P. brasiliensis antibodies attesting to sub-clinical lung infection. 24 Mackinnon 25 delineated the most probably natural course of events in experimental animals, showing that the primary infection occurred in the lungs. Other authors have confirmed the initial lung involvement in patients and in experimental animals. 8, 11, [26] [27] [28] [29] [30] Patients with the chronic PCM adult form, who are of interest in this study, exhibit progressive lung disease accompanied by mucosal, skin, lymph node, and/or adrenal lesions. 1, 5, 9, 16 However, in some patients (35%), progression occurs solely at the expense of the lungs. [3] [4] [5] 7, 10, 16, 19 Furthermore, most patients (80%) with external lesions show concurrent lung involvement in the x-rays and/or image studies and also exhibit P. brasiliensis in their respiratory secretions. 11, 15, 16, 18 This study was designed to determine whether, at time of diagnosis of PCM, a correlation could be established between the type of abnormality shown by lung radiographs and the time course of the already existing mucosal and skin lesions. We aimed at elucidating the primary and the secondary target organs in this Latin American mycosis.
MATERIALS AND METHODS
This is a retrospective cohort study based on the collected records of patients with PCM diagnosed and treated between From 209 records analyzed, 63 (30.1%) were selected for further analysis because they corresponded to patients in whom x-ray lung abnormalities and mucosal and/or skin lesions had been concurrently present at the time of diagnosis and in whom P. brasiliensis had been observed in or cultured from respiratory secretions (sputum, broncho-alveolar fluids [BAL] ). The remaining patients of the CIB files showed only lung pathology (residual or active), mucocutaneous lesions with no discernible lung abnormalities or concurrent laboratory-confirmed tuberculosis. Consequently, none of these patients were included in this study.
From the 63 chosen patients, 62 had the adult, chronic form of the disease and 1 had the sub-acute juvenile presentation. Their corresponding lesions were examined taking into consideration their type and extension. The duration of the mucosal and skin lesions was determined by questioning the patient about the moment when they were first noticed and also by checking the corresponding information as annotated in the clinical record itself. We wanted to determine if the longer the course of these external lesions, the closer their relation to residual lung pathology (e.g., fibrous scarring), and vice versa, the shorter their duration, the earlier the pulmonary x-ray manifestations (infiltrates) would be. Thus, time of appearance of mucosal and skin lesions would tend to indicate the duration of the primary pulmonary lesion: short if infiltrates were present and long if fibrosis was seen.
The significance of the data was determined by the 2 and Fisher exact tests. Associations among areas represented by mucosal and skin lesions, clinical aspects, and x-ray abnormalities were examined by clustering using direct linkage and Euclidian distances. The Kolmogorov Smirnov and the Spearman correlation tests were used to compare the time of initiation of the mucosal/dermal lesions with the type of lung abnormality observed in the x-rays, including fibrosis. 31, 32 
RESULTS
Clinical manifestations. As shown in Table 1 , 41 of the 63 (65.1%) chosen patients presented mucosal lesions and 8 (12.7%) had skin lesions; in 14 cases (22%), both type of tissues were involved. Predominant lesions were those of the mucosae (55, 87.3%). Reticuloendothelial involvement was manifested by hypertrophied lymph nodes (12, 19 .1%) and hepatosplenomegaly (2, 3.2%). Clinically manifested adrenal abnormalities were detected in < 3% of the patients, but no systematic studies were done to determine the functional integrity of these glands.
Signs and symptoms (Table 2) were represented by constitutional manifestations registered in 48 (76.2%) cases, as well as by respiratory symptoms identified in 53 (84.1%) patients. Respiratory signs became apparent in 20 (31.7%) and odynophagia and dysphagia in 24 (38.1%) patients each, whereas dysphonia was found in 18 (28.6%) cases.
According to the patients' information, mucosal/skin lesions had first been noticed for 3 months or less in 12 (19.1%), had been present for 4-6 months in 23 (36.5%), and were 7 months or older in the remaining 28 patients (44.4%). Mean duration of such lesions was 10.3 months (range, 2-120 months).
Because of initial selection, all patients exhibited lung interstitial infiltrates, and 20 (31.7%) had both interstitial and alveolar infiltrates; fibrosis was recorded in 29 (46%) of the patients.
An analysis of the 63 patients (Table 3) showed that 41 (65.1%) presented radiographic abnormalities concurrently with mucosal damage, whereas a smaller proportion (8, 12 .7%) of those with skin lesions had associated x-ray alterations. Patients who had both mucosal and skin lesions occupied an intermediate position (14 cases; 22.2%). Concerning fibrous lesions, they were detected in 17 patients (26.9%) who also had mucosal lesions and in 6 (9.5%) who had either skin lesions or skin and mucosal abnormalities (Table 3) .
Laboratory diagnosis. The diagnosis of PCM was ascertained by direct (KOH) examination in 61 (96.8%) of the (Table 4) . Overall, in every patient, the fungus was either seen or isolated from respiratory specimens. Statistical analyses. When symptoms were correlated with radiographic involvement, a significant association was shown for dyspnea and fibrosis (P ‫ס‬ 0.002). A significant but inverse association was also shown for fibrosis and presence of either odynophagia (P ‫ס‬ 0.0007) or dysphagia (P ‫ס‬ 0.004).
Logistic regression analyses indicated that no association among duration of the mucosal lesions and presence of alveolo/interstitial infiltrates (P ‫ס‬ 0.58) or fibrous alterations (P ‫ס‬ 0.30), could be demonstrated. No correlation was established between the time of initiation of mucosal/skin lesions, and the presence of fibrous changes in the lung as tests showed a mean of 9.4 months in duration (range, 2-120 months) for the group with no fibrosis and of 10.7 months in duration (range, 2-72 months) for the group showing fibrosis (Kolmogorov Smirnov test, P ‫ס‬ 1.0). Neither could we show an association (Spearman correlation) between lung x-ray abnormalities and time of initiation of either mucosal (R ‫ס‬ 0.19, P ‫ס‬ 0.13) or skin lesions (R ‫ס‬ 0.32 and P ‫ס‬ 0.1).
Cluster analyses based solely on the presence of mucosal and/or skin lesions allowed us to separate the patients in two different groups: one formed by those with mucosal involvement of the oral cavity, the pharynx, the larynx, and the nose, and another made up of patients with skin involvement in various body sites, especially in the limbs and thorax (Figure 1) .
A different clustering designed to compare integument lesions (mucosae, skin) with both clinical manifestations and radiographic findings separated the patient population in two different groups: the first corresponding to those with mucosal lesions producing odynophagia and/or dysphagia and presence of alveolo-interstitial infiltrates in the chest radiographs. The second showed an association among skin lesions, dyspnea, and presence of fibrous lesions in the lung (Figure 2) .
In constructing the latter cluster, we did not take into consideration, as done when using logistic regression analysis, the time of appearance of muco-cutaneous lesions in relation to lung abnormalities. Here we analyzed only the simultaneous presence of external lesions, pulmonary x-ray alterations, and certain frequently recorded symptoms, analyses that resulted in two different groups.
DISCUSSION
Overall, the frequency of mucosal (87.3%) and dermal lesions 22 (34.9%) in this series agrees with previous reports with the exception of the lower rates of clinically detectable reticuloendothelial involvement. 1, [3] [4] [5] 7, 9 These data plus signs and symptoms of dissemination (fever, lymphadenopathy) corroborate the already reported systemic nature of the chronic pulmonary form of this mycosis. 1, 3, 5, 6 Logistic regression analyses in search of an association among time of initiation of the mucosal/skin lesions as related by the patients and the probable duration of the chest x-ray abnormalities, including fibrous alterations, failed. Nonetheless, it became apparent that all types of pulmonary infiltrates * In all patients, the fungus was either seen or isolated in culture.
were associated much more strongly with mucosal (65.1%) than with skin lesions (12.7%). Recent studies have shown that, regardless of its clinical form (acute/subacute juvenile, chronic adult type), PCM is a multi-organic, systemic disorder where lung lesions predominate. 18 Older but also well-grounded findings such as the descriptions of the primary lymph node complex, 9,33 the residual nummular lesions found in otherwise healthy subjects, 9, 15, 34, 35 and the uncommon calcified lesions detected at autopsy 36 have all objectively showed the predominance of lung involvement, thus favoring the inhalation route. 13, 22, 23 It should be remembered, however, that PCM may go unnoticed 15, 28, 29 and that P. brasiliensis may enter into latency for decades, thus creating difficulties in tracing the actual moment of contact.
Our results showed that fibrosis brings forth dyspnea (P ‫ס‬ 0.002), and lung interstitial infiltrates associate with mucosal lesions causing odynophagia (P ‫ס‬ 0.0007) and dysphagia (P ‫ס‬ 0.004), whereas none of the patients with odynophagia had fibrosis, despite the fact that one half of them presented dyspnea.
Accepting that fibrosis is a latecomer in the host-parasite interaction, 9, 13, 17, 18 it seems that, in patients with the chronic adult form of PCM, the initial stages of such interactions cannot be traced with certitude.
Despite the fact that this study failed to show a time correlation between duration of the integument lesions and that of the lung's radiographic abnormalities (infiltrates, fibrosis), comparisons by cluster analysis allowed us to identify two well-delimited groups of patients differing in their manifestations: those with mucosal damage, odynophagia/dysphagia, and alveolo-interstitial infiltrates and those with dermal lesions, dyspnea, and fibrous lung damage. These could well represent different stages of the mycosis' natural course corresponding to specific syndromes.
On the basis of these findings, it seems feasible to suggest that the concurrent presence of mucosal involvement, odynophagia/dysphagia, and alveolo-interstitial infiltrates may represent an early stage of the natural course of PCM. On the other hand, the coexistence of skin lesions, dyspnea, and fibrosis would attest to a later stage in the course of the mycosis.
The retrospective nature of this study and the fact that fibrosis was defined on the basis of x-rays rather than on image studies preclude a more precise definition of these findings. More studies are thus needed to confirm the importance of these data.
